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(54) Disk array subsystem with seff-reallocation of logical volumes for reduction of I/O 
processing loads 



(57) A disk array subsystem includes a logical vol- 
ume allocation controller (3, 4, 6), which divides and 
reallocates data of the same logical volume LVN among 
a plurality of magnetic disk drive groups (12) when a 
magnetic disk group is added thereto. Successful logi- 
cal-volume allocation can reduce the I/O processing fre- 
quency between magnetic disk drive groups, thus 
achieving enhanced performance of the disk array sub- 
system (13). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a disk 
array subsystems adaptable for use as storage device 
in a computer system, and more particularly to a disk 
array subsystem for automatically performing self-real- 
location of logical volumes without requiring any assist- 
ance by Hs associated host computer such as a host 
computer operatively connected thereto. 

2. Description of the Prior Art 

Conventionally, a magnetic disk subsystem carries 
important tasks in that it plays a significant role of the 
external storage device for a computer system. Espe- 
cially, a disk array subsystem has become more impor- 
tant for applications as advanced magnetic disk 
subsystem with high reliability. 

In general, the disk array subsystems are known as 
redundant array of inexpensive disks (RAIDs), which 
may be classified in five categories of different levels of 
from RAID1 to RAIDS based on the characteristics 
thereof. At present, of these five (5) levels, special atten- 
tion is taken to the RAIDS architecture that may attain 
high reliability and wide applicability at lower cost and is 
thus expected to be adapted for use in the transaction 
processing essentially consisting of several small- 
capacity random access procedures. Typically, one prior 
known disk array subsystem includes a magnetic disk 
drive device for record and/or reproduction of data, a 
magnetic disk control device that controls the data 
transmission between the magnetic disk drive device 
and a host computer. 

The magnetic disk drive device has therein a mag- 
netic disk drive for recording data. The RAIDS architec- 
ture is designed to employ a specific format allowing a 
plurality of magnetic disk drives to be operatively com- 
bined into one group, which is then assumed to exhibit 
more than one logically defined volume (referred to as 
"logical volume" hereinafter). 

In such disk array subsystem any enhancement of 
subsystem's capacity may be attained by additional 
installation of a magnetic disk drive(s) thus either pro- 
viding a further logical volume or causing the logical vol- 
ume to increase in capacity as a whole. However, in the 
situation where input/output (I/O) processing tasks tend 
to be concentrated on a specific logical volume, the I/O 
processings are to be locally directed or "focussed" onto 
a magnetic disk drive group being allocated with the 
said logical volume, resulting in an increase in the 
processing wait time of magnetic cfisk drives due to the 
occurrence of contention or conflict of the identical 
processings. This wfll possibly prevent the disk array 
subsystem from taking fuD advantage of it in perform- 
ance. 



Published Unexamined Japanese Patent Applica- 
tion (PUJPA) No. 6-161837 discloses therein an 
arrangement for choosing a volume selection scheme 
from among a group of volume selection schemes thus 

5 enabling them to be selectively utilized automatically as 
necessary. Due to the possfofl'rty of changing or modify- 
ing the optimal volume selection scheme, it is possible 
to accomplish effective file allocation for reduction of the 
concentration of I/O loads upon a specific volume. 

io As the information-oriented society is highly 
advanced, the amount of data it possesses is increasing 
more and more. Accordingly, the magnetic disk drives 
are strongly demanded to attain a further increase both 
in mass storage and in reliability. To meet such demand, 

is a disk array subsystem that offers higher reliability is uti- 
lized; on the contrary, for the need to enhance the stor- 
age capacity, it has been one typical approach in the 
prior art to employ a mere method of simply adding 
magnetic drives while having to additionally install cor- 

20 responding ones of logical volumes therefor or having to 
extend the logical volume in capacity. 

Additionally, as the storage capacity increases, the 
concentration of I/O processings for a specific file will 
take place more frequently than ever. To avoid this prob- 

25 iem, the prior art system attempts to use automated vol- 
ume selection techniques achieving an effective 
allocation of files concerned. 

Unfortunately, 6uch prior art disk array subsystem 
is encountered with a problem as follows. When the log- 
so teal volume per se is added, it will be difficult that mere 
employment of the prior known file allocation method 
successfully eliminates concentration of I/O process- 
ings upon the 6ame magnetic disk drive group in the sit- 
uation where the processing tasks are to be 

35 concentrated on a specific volume; it will be readily 6een 
that the above difficulty results in the processing wait 
time being undesirably increased due to the occurrence 
of contention or conflict in a queue of several I/O 
processings, which may adversely serve to make it 

40 impossible to take full advantage of the subsystem in 
terms of its inherent performance. 

SUMMARY OF THE INVENTION 

4s It te therefore an object of the present invention to 
provide a new and improved disk array subsystem 
capable of avoiding the problems faced with the prior 
art. 

It is another object of the invention to provide an 
so improved disk array subsystem capable of suppressing 
concentration of I/O processing on a certain magnetic 
disk drive group during adrftive installation of one or 
more magnetic disk drives. 

It is a further object of the invention to provide an 
65 improved disk array subsystem capable of suppressing 
or eliminating concentration of I/O processing tasks with 
respect to a certain magnetic disk drive group when one 
or more adcfitionaJ magnetic disk drives are installed to 
attain further enhanced mass storage as needed. 
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thereby enhancing the performance of a magnetic disk 
array subsystem as a whole. 

To achieve the foregoing objects, the present inven- 
tion provides a disk array subsystem which includes a 
specific disk control device. This control device is spe- s 
ctftcaliy arranged in such a manner that, when a logical 
volume is added as a result of installation of an addi- 
tional magnetic disk drive group(s) therein, the disk con- 
trol device receives logical information involving the file 
attribute, the total volume number, the correspondence 
between the logical volumes and/or the magnetic disk 
drives, and then independently performs-without the 
need of cooperation with its an host computer-any 
required modifications of the locations of logical vol- 
umes and movement of data there between so as to 
suppress any possible concentration of I/O processings 
with respect to the same magnetic disk drive group, by, 
for example, (i) cfividing the storage capacity area of 
each magnetic disk drive into portions corresponding to 
the total logical volume number within the subsystem, 
(ii) numbering respective ones of the divided area por- 
tions of each magnetic disk drive, and (iii) causing the 
number of each area portion to be identical to that of the 
logical volume under predefined conditions. Very impor- 
tantly, these processings remain attainable in a parallel 
manner with execution of ordinary processings on the 
real-time basis. 

A significant advantage of the present invention is 
that it is possible to suppress contention or conflict oth- 
erwise occurring due to concentration of I/O process- 
ings on a magnetic disk drive group being allocated with 
a certain logical volume to which concentration of 
processing is to be applied, thus enabling the difference 
in I/O processing frequency to decrease between 
respective magnetic disk drive groups. 

Another advantage of the invention is that the 
processing wait time of magnetic disk drives can be 
reduced accomplishing enhanced performance of the 
disk array subsystem 

A further advantage of the invention is that since 
the reallocation of logical volumes is carried out in a par- 
afleJ fashion with execution of ordinary processings of 
the host computer and the disk array subsystem, it 
becomes possWe to allow the ordinary processing pro- 
cedures to continue without any interruptions. 

These and other objects, features and advantage of 
the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a system configuration 
of a disk array subsystem in accordance with one pre- 
ferred embodiment of the invention. 

Rg. 2 is a flow diagram showing the major steps in 
the logical volume reallocation execution operation of 
the disk array subsystem shown in Fig. 1 . 



DETAILED DESCRIPTION OF THE INVENTION 

Referring to Rg. 1, a disk array subsystem in 
accordance with one preferred embodiment of the 
invention is generally designated by the numeral 13. 
Single-line arrows are used in Fig. 1 to designate a con- 
trol signal transmission path, whereas double-line 
arrows are to indicate a data transfer path. 

The disk array subsystem 13 has a magnetic disk 
control section connected to a host computer 1, and a 
magnetic disk device 8 connected under the control 
thereof, thereby constituting the disk array subsystem 
13 which follows the principles in the RAIDS architec- 
ture. The magnetic disk control section has a host inter- 
face controller 2 for performing transmission of 
information to or from the host computer 1 , a data buffer 
5 for temporarily storing data therein, a microprocessor 
3 for providing overall control of the subsystem 13, a 
disk array subsystem controller 4 for performing issu- 
ance and/or receipt of commands based on the Instruc- 
tions from the microprocessor 3, a logical volume 
allocation controller 6 for executing control of the alloca- 
tion of logical volumes, and a device interface controller 
7 tor effecting transmission of information to or form the 
magnetic disk device 8. The magnate disk control 
device controls overall data transmission between the 
magnetic disk drives 11 and the host computer 1. The 
microprocessor 3 may include therein a control memory 
(not shown) that stores control information to be used 
when the microprocessor 3 performs several kinds of 
control operations. 

In actual applications, depending upon the perform- 
ance, scale or other parameters of LSls used, it may be 
possible to incorporate into a single LSI chip certain 
parts or components of the disk array subsystem, which 
may include the microprocessor 3, the disk array sub- 
system controller 4, and the logical volume allocation 
controller 6~further including the host interface control- 
ler 2, data buffer 5 and device interface controller 7, as 
needed-as indicated by a broken line in fig. 1. 

The disk subsystem 13 also includes an interface 
panel for maintenance use, which will be utilized when 
users or service persons exchange one or more mag- 
netic disk drives 11 or further install add-in drives 
therein. 

The magnetic disk device 8 has a magnetic disk 
drive group 12, a device controller 9 for controlling them, 
and a data buffer 10. The magnetic disk drive group 12 
includes a plurality of magnetic disk drives 11, wherein 
data may be subdivided Into a plurality of blocks to be 
stored in the magnetic disk drives 11 sequentially. 
These magnetic disk drive group 12 is logically treated 
by the host computer 1 as one volume. 

It may be considered that enhancement of the disk 
subsystem's storage capacity is attained by means of 
Increment of the volume number. To do this, it will be 
required that an additional magnetic disk drive group 1 2 
be newly installed therein while causing the host com- 
puter 1 to execute definitions of new volume attrfoutes. 
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Note here that it wiO possibly happen that the 
oopendency of a newly defined volume(s) and prior 
defined volumes may render their I/O processings dif- 
ferent in frequency from each other. Due to this, the log- 
ical volume allocation controller 6 has a specific function 5 
that enables the disk array subsystem 1 3 per se to auto* 
matically perform-without requiring any cooperation 
with the host computer l -modifications of the location 
of logical volume being previously set by host computer 
1 in the magnetic disk drive group 12 and movement of 
data therebetween, as needed when the magnetic disk 
drives 1 1 are subject to such additional installation. 

Such a series of operations of logical volume loca- 
tion modification and data movement are performed by 
the disk array subsystem 13 independently of other 
operations after recognition of the newly set volume at 
the host computer 1 ; alternatively, the operations may 
be accomplished by providing instructions of operation 
content to the logical volume allocation controller 6 
through the maintenance interface panel 14. Con- 
versely, disablement of the logical volume location mod- 
ifying and data moving operations can also be 
performed by way of the maintenance-use interface 
panel 14. It should be noted that these processings are 
executed without any interruptions of ordinary process- 
ings between the host computer 1 and the disk array 
subsystem 13. 

The processing operation of the disk array subsys- 
tem shown in Fig. 1 is as follows. See Fig. 2, which dia- 
grammaticaliy represents one example of the logical 
volume reallocation processing accompanying the addi- 
tive volume installation. 

As shown, at a processing step PI, a logical vol- 
ume number LVN1 is assigned while the magnetic disk 
drive group consisting of a plurality of magnetic disk 
drives is logically regarded as a single volume 15. 

Assume that a new logical volume is to be added 
due to installation of additional disk drives to attain 
enhancement of the storage capacity. In this case, as 
shown at a process step P2, a new magnetic disk drive 
group is additionally installed while allowing the host 
computer 1 to assign to this disk drive group a volume 
16 having a logical volume number LVN2. Accordingly, 
with such settings, logical volumes with different volume 
numbers LVN1, LVN2 may coexist relative to magnetic 
disk drive groups 15, 16 after the additional installation 
of the logical volume 16. 

Then, as shown at a process step P3, the logical 
volume allocation controller 6 receives logical volume 
information such as the file attributes, the total logical 
volume number, the correspondence between the logi- 
cal volumes and magnetic disk drives, and the like. Sub- 
sequently, at a process step P4, the logic volume 
allocation controller 6 performs-based on this logical 
volume information-allocation of logical volumes as 
previously assigned by the host computer 1 with respect 
to the magnetic disk drive groups on the part of the disk 
array subsystem. At this step, movement of data is also 
performed. The logical volume location modification and 



data movement at this proces 6tep P4 are carried out in 
such a way as to suppress the occurrence of any possi- 
ble deviations of I/O processings between respective 
magnetic disk drives based on the aforesaid logical vol- 
ume information; for instance, as one typical example, 
the operations are effected so as to link or "bridge" 
between the areas of respective magnetic disk drive 
groups each constituting the logical volume being previ- 
ously assigned by host computer 1 . as shown in Fig. 2. 

More specifically, the logical volume 15 with the log- 
ical volume number LVN1 at the process step P2 is sub- 
divided into a first half and a second or latter half 
poftion, for example. As shown at the process step P4, 
it is divided into a first-half logical volume 17 with a log- 
ical volume number LVN1(FH) and a latter-half logical 
volume 19 with a logical volume number LVN1(LH), 
which are then allocated in the magnetic disk drive 
groups 15, 16, respectively. 

Likewise, the logical volume 16 with the logical vol- 
ume number LVN2 at the process step P2 is subdivided 
at the process step P4 into a first-half logical volume 1 8 
with a logical volume number LVN2(FH) and a latter-half 
logical volume 20 with a logical volume number 
LVN1(LH), which are reallocated in the magnetic disk 
drive groups 15, 16, respectively. Thereafter, movement 
of data accompanying this reallocation is carried out 
automatically. The location modifying processing and 
the data movement processing are performed without 
necessitating any interruptions of ordinary processings 
being carried out between the host computer 1 and the 
disk array subsystem. 

While the invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details 
may be made therein without departing from the spirit 
and scope of the invention. 

Claims 

1 . A disk array subsystem comprising: 

a magnetic disk drive group (12) including a 
plurality of magnetic disk drives (1 1), 
a disk control device (9) for controlling data 
transfer between said diskdrive group (12) and 
a host computer (1), and 
means (3. 4, 6) for causing a preset logical vol- 
ume location to be independently modified on 
part of said disk array subsystem (13) based on 
logical volume information consistent with a 
change in location of the magnetic disk drives 
(1 1) while allowing movement of data therein. 

2. The disk array subsystem of claim 1 , wherein dur- 
ing modification of said volume location and move- 
ment of data, the allocation of volumes is carried 
out while allowing the remaining processing to con- 
tinue between the host computer (1) and the disk 
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array subsystem (13). 

3. A disk array subsystem comprising: 

a magnetic disk drive group (12) including a s 
plurality of magnetic disk drives (1 1 ), 
a disk control device (9) for controlling data 
transfer between said disk drive group (12) and 
an upper-level device operatively coupled 
thereto, and 10 
means (3, 4, 6) for rearranging preset locations 
of logical volumes on part of said disk array 
subsystem (13) based on logical volume infor- 
mation consistent with a change in location of 
the magnetic disk drives (11) by dividing stor- 15 
age regions of each said magnetic disk drive 
(11) into portions being identical in number to 
said logical volumes within said subsystem 
(13) and by allowing data to move so that data 
of different logic volumes are stored In the 20 
divided portions of said storage regions of each 
said magnetic disk drive (1 1). 

4. The disk array subsystem of daim 3. wherein dur- 
ing modification of volume location and movement 25 
of data, the allocation of volumes ts carried out 
while allowing the remaining processing to continue 
between the supervisory device and the disk array 
subsystem (13). 

30 

5. The disk array subsystem of any preceding claim, 
wherein the modification of volume location and the 
movement of data are attained such that a logical 
volume is allocated to eliminate concentration of 
input/output (I/O) processing tasks on a specific 35 
magnetic disk drive and contention of I/O process- 
ing tasks therein. 

6. The disk array subsystem of any preceding claim, 
wherein the modification of volume location and 40 
movement of data are carried out upon occurrence 

of additional installation of a magnetic disk drive 
(11) and a logical volume. 
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FIG. 2 
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